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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57) A liquid crystal display comprises a liquid crys- 
tal panel (10) jn which a plurality of pixels are two- 
dimensionally arranged at intersecting points of gate 
lines as many as a plurality of rows and signal lines as 
many as a plurality of columns which are wired in a 

matrix shape; and a plurality of driver ICs (14-1 14- 

6) for applying a signal potential to each pixel of the liq- 
uid crystal display panel (1 0) through the signal lines of 
a plurality of columns, wherein the number of output 

pins of each of a plurality of driver ICs (14-1 14-6) is 

set to the measure of the total number of signal lines of 
a plurality of columns, thereby preventing that a fraction 
occurs in the signal lines. 
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Description 
Technical Field 

5 [0001] The invention relates to a liquid crystal display (LCD) and, more particularly, to a matrix type liquid crystal 
display in which a driver circuit to apply a signal potential to each pixel is provided as an external circuit of a liquid crystal 
di5];>lay panel. 

Background Art 

10 

[0002] Among liquid crystal displays which are used in personal computers, word processors, and the like, a matrix 
type is a main stream. The matrix type liquid crystal display is excellent in terms of a response speed and an image 
quality and is a display apparatus suitable for realization of a recent color display. In such a kind of display apparatus, 
a non-linear element such as transistor, diode, or the like is used in each pixel of a liquid crystal display panel. Speclfi- 

75 cally speaking, it has a structure such that a thin film transistor (TFT) is formed on a glass substrate. 

[0003] Particularly, a large liquid crystal display has a construction in which a driver IC to apply a predetermined 
voltage to each pixel is provided in the outside of a liquid crystal display panel. Ordinarily, there is a one-to-one conre- 
spondence relation between an output of the external driver IC and a signal line of the liquid crystal display panel. That 
Is, an output voltage from each output terminal of the driver IC Is inputted as it is to the corresponding signal line. 

20 [0004] Therefore, for example, in a liquid crystal display of an XGA (extended graphics array) display system having 
1 024 (that is, total 3072 = 1 024 x 3) signal lines every color of R (red), G (green), and B (blue), if it is intended to connect 
an existing general driver IC having, for example, 120 output pins (output terminals) to each signal line, total 26 driver 
ICs are necessary. 

[0005] However, as mentioned above, if the general driver IC is used for the signal lines in which the total number 
25 of output pins is determined by the display system is used, a situation such that a remainder occurs in the number of 
pins of the driver IC occurs. For iexample, in the case where 26 general driver ICs each having 1 20 output pins are used 
for 3072 signal lines, only 48 (= 120 x 26 - 3072) output pins of the driver IC which is finally arranged remain. 
[0006] When considering from a viewpoint of the size of liquid crystal display panel, as shown in Fig. 1 , a surplus 
pin portion among the output pins of a driver IC 1 01 becomes a surplus connecting region which does not contribute to 
30 the image display and occupies right and left frame portions of a liquid crystal display panel 1 02, so that a size in the 
horizontal direction of the liquid crystal display panel 102 increases. Thus, it becomes an obstacle for realization of a 
compact size of the whole liquid crystal display. In Fig. 1 . the driver IC 1 01 is connected to each signal line in connecting 
portions 104 on the liquid crystal display panel 102 through flexible cables 103. 

[0007] In case of performing a color display accompanied with gradation, a construction of an output buffer circuit 
35 and a gradation control drcuit for outputting a voltage to be applied to a thin film transistor of each pixel becomes com- 
plicated and the driver IC itself is also expensive. It is vain to use such an expensive driver IC in a state where a circuit 
portion corresponding to the remaining output pins never contributes to the display. This also results in an increase in 
costs of the liquid crystal display. 

40 Disclosure of Invention 

[0008] The invention is made in consideration of the above problems and it is an object of the invention to provide 
a liquid crystal display which can realize a narrow width in the horizontal direction of a liquid crystal display panel in case 
of using an external driver IC. 

45 [0009] According to the invention, there is provided a liquid crystal display comprising: a display portion in which a 
plurality of pixels are two-dimensionally arranged at intersecting points of gate lines as many as a plurality of rows and 
signal lines as many as a plurality of columns which are wired in a matrix shape; and a plurality of driver circuits for 
applying a signal potential to each pixel of the display portion through the signal lines of a plurality of columns, wherein 
when the plurality of driver circuits are arranged in order so that the numbers of output terminals of the driver circuits 

so are set to the same number so as to have a correspondence relation with each of the signal lines of a plurality of col- 
umns, if a fraction occurs in the signal lines of a plurality of columns, the number of output terminals of one of the plu- 
rality of driver circuits is set to such a fraction. 

[0010] In the liquid crystal display with the above construction, by setting the number of output terminals of one of 
the plurality of driver circuits to the fraction of the signal lines, no fraction finally occurs in the signal lines for a plurality 
55 of driver circuits. Therefore, since the output terminals of the driver circuits can be connected to the respective signal 
lines without causing a remainder, a surplus connecting region which does not contribute to the image display does not 
occur in the display portion. 

[0011] According to the invention, there Is provided another liquid crystal display cornprising: a display portion in 
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which a plurality of pixels are two-dimensionally arranged at intersecting points of gate lines as many as a plurality of 
rows and signal lines as many as a plurality of columns which are wired In a matrix shape; and a plurality of driver cir- 
cuits for applying a signal potential to each pixel of the display portion through the signal lines of a plurality of columns, 
wherein the number of output terminals of each of the plurality of driver circuits is set to a measure of the total number 

5 of signal lines of a plurality of columns. 

[0012] In another liquid crystal display with the above construction, when the number of output terminals of the 
driver circuit is set, the number of respective output terminals Is set to the measure of the total number of signal lines 
and the driver circuits of the number that is determined by the number of output terminals are arranged. Thus, no frac- 
tion occurs in the signal lines for a plurality of driver circuits. Therefore, since the output terminals of the driver circuits 

10 can be connected to the respective signal lines without causing a remainder, a surplus connecting region which does 
not contribute to the image display does not occur in the display portion. 

Brief Description of Drawings 

15 [0013] Fig. 1 is a schematic constructional diagram showing an example of a conventional matrix type liquid crystal 
display; Fig. 2 is a wiring diagram of a liquid crystal display portion In a matrix type liquid crystal display according to 
the invention; Fig. 3 is a circuit constructional diagram of pixels; Fig. 4 is a block diagram showing an example of an 
internal construction of a driver IC; Fig. 5 Is a schematic constructional diagram showing the first embodiment of the 
invention; Fig. 6 is a schematic constructional diagram showing the second embodiment of the invention; Fig. 7 is a wir- 

20 Ing diagram of a liquid crystal display portion in a matrix type liquid crystal display using a time-divisional driving; Fig. 8 
is a connection constructional diagram of time-divisional switches in case of the 3-time-di visional driving; Fig. 9 is a tim- 
ing chart of each signal in case of the 3-time-divisional driving; Fig. 1 0 is a circuit diagram showing a specific construc- 
tion of a certain set of time-divisional switches; Fig. 1 1 A is a cross sectional structure diagram showing an example of 
a thin film transistor of a bottom gate structure; Fig. 11 B is a cross sectional structure diagram showing an example of 

25 a thin film transistor of a top gate structure; Fig. 1 2 is a diagram showing a writing state of a signal voltage to each pixel 
In case of the 3-time-divisional driving; Figs. 13A and 13B are diagrams for comparing the case of 4-time-divlsion with 
the case of 3-time-di vision; Fig. 14 is a constructional diagram of an example of a liquid crystal display of the SXGA 
display system; Fig. 15 is a timing chart for explaining the operation of the SXGA display system; Figs. 16A, 16B, and 
16C are wavelbrm diagrams for explaining a difference between the case (solid line) where a blanking period Is pro- 

30 vided and the case (broken line) where it Is not provided; Fig. 17 Is a circuit diagram showing a circuit construction of 
liquid crystal pixels; Fig. 18 is a waveform diagram in the case where a leading waveform and a trailing waveform of a 
driver IC are asymmetrical for a time base; Fig. 1 9 is a diagram for explaining a fluctuation of an electric potential of a 
Cs line; Fig. 20 is a waveform diagram in the case where the leading waveform and the trailing waveform of the driver 
IC are symmetrical for the time base; Fig. 21 is a diagram showing a time difference of Trise and tfall in case of the 

35 SXGA display system of 17 inches and a simulation result of a fluctuation of the Cs line; Fig. 22 is a diagram showing 
an example of numerical values of periods in case of the SXGA display system; Fig. 23 Is a constructtonal diagram of 
an example of a liquid crystal display of the UXGA display system; Fig. 24 is a diagram showing an example of numer- 
ical values of periods In case of the UXGA display system; Fig. 25 is a constructional diagram of an example of a liquid 
crystal display of the VGA display system; Fig. 26 is a constructional diagram of an example of a liquid crystal display 

40 of the QVGA display system; Fig. 27 is a constructional diagram showing an example of numerical values of a period 
in case of each of the VGA and QVGA display systems; Fig. 28 is a block diagram showing another example of an inter- 
nal construction of a driver IC; Fig. 29 Is a block diagram showing an example of a construction of an output circuit in 
the driver IC; Fig. 30 is a block diagram showing a conventional example of a construction around a memory circuit; Fig. 
31 is a block diagram showing an example of improvement of the construction around the memory circuit; Figs, 32A and 

45 328 are characteristics diagrams of V-T curves of a liquid crystal in case of using a TN liquid crystal; Figs. 33A, 33B, 
and 33 C are equivalent circuit diagrams each showing an example of a construction around time-divisional switches; 
Fig. 34 is a timing chart for explaining the operations of equivalent circuits of Figs. 33A, 33B, and 33C; Figs. 35A, 35B, 
and 35C are equivalent circuit diagrams showing other examples of the constructions around the time-divisional 
switches; Fig. 36 is a timing chart for explaining the operations of the equivalent circuits of Figs. 35A, 358, and 35C; 

50 Fig. 37A is a diagram showing a relation between a pixel array in case of a 1 H inversion driving method and a scanning 
direction of the time-divisional switches; and Fig. 378 is a diagram showing a relation between a pixel array in case of 
a dot inversion driving method and the scanning direction of the time-divisional switches. 

Best Mode for Carrying Out the Invention 

55 

[0014] The best mode for carrying out the invention will now be described herelnbelow with refierence to the draw- 
ings. 

[DDIS] Fig. 2 is a wiring diagram of a liquid crystal display portion in a matrix type liquid crystal display according to 
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the invention. The matrix type liquid crystal display has a structure such that gate lines 11-1,11-2,11-3, ... as many as 
a plurality of rows and signal lines 12-1, 12-2, 12-3, ... as many as a plurality of columns are wired in a matrix form onto 
the surface of liquid crystal and a back light is arranged on the back side of the liquid crystal. Intersecting points of the 
gatelines 11-1, 11-2, 11-3, ...and signal lines 12-1, 12-2, 12-3, ... become pixels and form a liquid crystal display panel 

5 (display portion) 10. A construction of the pixels will be described hereinlater. 

[0016] One end of each of the gate lines 11-1, 11-2, 1 1-3, ... as many as a plurality of rows is connected to each 
output terminal of the corresponding row of a vertical driving circuit 13. The vertical driving circuit 1 3 is formed by a thin 
film transistor onto the same substrate as that of the liquid crystal display panel and performs a vertical scan by supply- 
ing scanning pulses in order to the gate lines 11-1, 11-2. 11-3. ... and selecting each pixel on a row unit basis. In the 

10 emt>odiment, although the vertical driving circuit 13 is arranged on only one side of the liquid crystal display panel 10, 
obviously, it can be arranged on both sides of the liquid crystal display panel 10. 

[0017] A plurality of driver ICs 14-1 , 14-2, 14-3, ... for applying a predetermined voltage according to image data to 
the signal lines 12-1, 12-2, 12-3, ... are provided as external circuits of the liquid crystal display panel 10. Digital image 
data which enables a display of, for example, 8 or more gradations and 512 or more colors is Inputted to the plurality of 

15 driver ICs 14-1 , 14-2, 14-3 

[0018] Fig. 3 is a circuit constructional diagram of the pixels. As will be obviously understood from Fig. 3, each pixel 
20 is constructed by a thin film transistor 21, an additional capacitor 22, and a liquid crystal capacitor 23. A gate elec- 
trode of the thin film transistor 21 is connected to the gate lines 1 1 -1 , 1 1 -2. 1 1 -3, ... and a source electrode is connected 
to the signal lines 12-1, 12-2, 12-3, .... respectively. 

20 [0019] In the pixel structure, the liqukJ crystal capacitor 23 denotes a capacitance which occurs between a pixel 
electrode that is formed by the thin film transistor 21 and a counter electrode which is formed In conrespondence to It. 
An electric potential which is held in the pixel electrode is written by an electric potential of "H" or "L". "H" Indicates a 
high voltage writing state and "L" shows a low voltage writing state. 

[0020] When the liquid crystal is driven, an electric potential (common potential VCOM) of the counter electrode is 
25 set to, for example, a DC potential of 6V. In response to it. by periodically fluctuating a signal voltage by the high voltage 
H and low voltage L at a 1 -field period. AC driving can be realized. The AC driving can reduce a polarizing function of 
a liquid crystal molecule and charging of the liquid crystal molecule or charging of an insulating film existing on the elec- 
trode surface can be prevented. 

[0021] In the pixel 20, when the thin film transistor 21 is turned on, a transmittance of light in the liquid crystal 
30 changes and the additional capacitor 22 is charged. By this charging, even if the thin film transistor 21 is turned off, a 
light transmittance state In the liquid crystal by the charging voltage of the additional capacitor 22 Is held until the thin 
film transistor 21 is subsequently turned on. By such a system, a picture quality in the image on the liquid crystal display 
panel 10 is improved. 

[0022] Fig. 4 is a block diagram showing an example of an internal construction of the driver ICs 14-1 , 14-2, 14-3, 
35' .... As will be obviously understood from Fig. 4, the driver ICs have a horizontal shift register circuit 31, sampling 
switches 32. a level shifter 33, a data latch circuit 34, and a digital/analog converting circuit 35. In the embodiment, for 
example, digital Image data datal to data5 of five bits and power source voltages Vdd and Vss are fetched from both 
sides In the shift direction of the horizontal shift register circuit 31 . 

[0023] In the driver ICs 14-1, 14-2, 14-3, ... of the above construction, the horizontal shift register circuit 31 performs 
40 a horizontal scan (column scan) by sequentially generating horizontal scanning pulses. The sampling switches In the 
sampling switches 32 sequentially sample the input digital Image data datal to data5 in response to the horizontal 
scanning pulses from the horizontal shift register circuit 31 . 

[0024] The level shifter 33 boosts the digital data of, for example, 5V sampled by the sampling switches 32 to digital 
data of a liquid crystal driving voltage. The data latch circuit 34 is a memory to accumulate the digital data boosted by 

45 the level shifter 33 by an amount of one horizontal period. The digital/analog converting circuit 35 converts the digital 
data of one horizontal period which is outputted from the data latch circuit 34 into an analog signal and outputs it. 
[0025] In the liquid crystal display with the foregoing construction, the invention is characterized by a constmction 
of a connecting portion between each of the signal lines 12-1,1 2-2, 1 2-3, ... of the liquid crystal display panel 1 0 and 
the output pin (output terminal) of each of the plurality of the driver ICs 1 4-1 . 1 4-2, 14-3, .... A specific embodiment will 

50 now be described hereinbelow. 

[0026] The first embodiment to which the invention is applied to a liquid crystal display of. for example, the XGA dis- 
play system will be first described by using Fig. 5. 

[0027] The liquid crystal display panel 10 has 1 024 (namely, total 3072 = 1024 x 3) signal lines 12-1 , 12-2, 12-3, ... 
every color of R. G, and B in case of the XGA display On the other hand, it is assumed that, general driver ICs each 
55 having, for example, 120 output pins are used as driver ICs 14-1, 14-2, 14-3. ... and arranged in order in correspond- 
ence to the signal lines 12-1, 12-2, 12-3, .... 

[0028] In this instance, now assuming that 25 general driver ICs each having 120 output pins are arranged, a frac- 
tion of 72 (= 3072 - 120 X 25) lines occurs in the signal lines. As a driver IC holding the 72 signal lines of such a fraction. 
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a driver IC having 72 output pins is used Instead of the general driver IC having the 120 output pins, and total 26 driver 
ICS 14-1, 14-2, 14-3, .... and 14-26 Including such a driver IC are arranged In order In the horizontal direction. 
[0029] For example, as shown in Fig. 5, when the driver ICs are sequentially arranged, the driver IC having 72 out- 
put pins is used as, for example, a driver IC 14-26 which is arranged in the 26th order. That Is, although the number of 
5 signal lines which are allocated to each of the other 25 driver ICs 14-1 , 14-2, 14-3, and 14-25 is equal to 120, the 
number of signal lines which are allocated to the 26th driver IC 14-26 is equal to 72. 

[0030] The output pins of the 26 driver ICs 14-1, 14r2, 14-3 and 14-26 ananged in this manner are connected 

to the signal lines 12-1, 12-2, 12-3, ... in connecting portions 16 on the liquid crystal display panel 10 through flexible 
cables 15, respectively, and apply a predetermined voltage to each pixel through the signal lines 12-1, 12-2, 12-3, .... 

10 [0031] As mentioned above, in case of using, for example, the general driver ICs in which the numbers of output 
pins are the same as driver ICs 14-1. 14-2, 14-3 when these driver ICs are sequentially an^nged with a correspond- 
ence relation with each of the signal lines 12-1, 12-2, 12-3, .... if a fraction occurs In the signal lines, by setting the 
number of output pins of one of the driver ICs 14-1, 14-2. 14-3, ... to such a fraction, no fraction finally occurs in the 
signal lines and the output pins of the driver ICs can be connected to the signal lines without causing a remainder. Thus, 

15 a surplus connecting region which does not contribute to the image display does not occur on the liquid crystal display 
panel 10. 

[0032] Although the position where the driver IC holding the fraction of the signal lines is arranged is set to the end 
(the 26th IC In the embodiment) in the embodiment, it is not limited to the end position and can be arranged at any posi- 
tion. The numerical values shown In the embodiment are a mere example and the invention Is not limited to these 
20 numerical values. ' 

[0033] The second embodiment to which the invention is applied to a liquid crystal display of, for example, the XGA 
display system will now be described by using Fig. 6. 

[0034] In case of the XGA display, the liquid crystal display panel 1 0 has 1 024 (namely, total 3072) signal lines 1 2- 
1, 12-2, 12-3, ...every color of R, G. and Bas mentioned above. Although a plurality of the driver ICs 14-1, 14-2, 14-3, 
25 ... are an-anged for the 3072 signal lines 12-1, 12-2, 12-3, .... In this instance, the number of output pins of the driver ICs 
14-1 , 14-2, 14-3, ... is set to a measure of the total number (namely, the number of horizontal display dots) of signal lines 
12-1,12-2,12-3 

[0035] Since the total number of signal lines 12-1 , 12-2, 12-3, ... is equal to 3072 in the XGA display, for example, 
the number of output pins of the driver ICs 14-1. 14-2, 14-3, ... is set to the measure of 3072. preferably, 512 (= 2^) as 

30 a power of 2. Thus. 6 (= 3072/51 2) driver ICs are necessary and it is sufficient to sequentially anrange the six driver ICs 

14-1 , 14-2, 14-3, and 14-6 with the conrespondence relation with each of the signal lines 12-1 , 12-2, 12-3 

[0036] The output pins of the six driver ICs 14-1 , 14-2, 14-3 and 14-6 arranged In this manner are connected to 

the signal lines 12-1, 12-2, 12-3, ... in the connecting portions 16 on the liquid crystal display panel 10 through the flex- 
ible cables 1 5 and the driver ICs apply a predetermined voltage to each pixel through the signal lines 1 2-1 , 1-2, 1 2-3 

35 [0037] Asmentionedabove, whenthenumberofoutputpinsof thedriverlCs14-1, 14-2, 14-3, ... is set, the number 
of output pins is set to the measure of the total number of signal lines 12-1.1 2-2, 1 2-3, ... and the driver ICs of the 
number which is determined by the number of output pins are arranged, so that no fraction occurs In the signal lines 
and the output pins of the driver IC can be connected to the signal lines without causing a remainder. Thus, a surplus 
connecting region which does not contribute to the image display does not occur in the liquid crystal display panel 1 0. 

40 [0038] The numerical values shown in the embodiment are a mere example and the invention is not limited to these 
numerical values. There is an advantage such that as the number of driver ICs Is smaller, it is more advantageous for 
realization of low costs, and on the contrary, as it is larger, if a defective portion occurs In a part of the circuit, it is pos- 
sible to cope with such a defect by exchanging only the IC including the defective portion. Therefore, when the number 
of output pins of the driver IC is set, it is sufficient to decide it in consideration of the number of driver ICs that is deter- 

45 mined by the number of output pins or the like. 

[0039] Although the embodiment has been described with respect to the case where the invention is applied to the 
XGA (1024 pixels x 768 pixels) display, the Invention can be also applied to other display systems, for example, an 
NTSC (640 pixels x 480 pixels) display, a VGA (800 pixels x 600 pixels) display, an SXGA (1280 pixels x 1024 pixels) 
display, and a UXGA (1600 pixels x 1400 pixels) display. 

50 [0040] Further, although each of the above embodiments has been described with respect to the case, as an exam- 
ple, where the invention is applied to the liquid crystal display in which there is the one-to-one correspondence relation 
between each output pin of the external driver ICs 14-1, 14-2, 14-3, ... and the signal lines 12-1, 12-2, 12-3, the 
invention can be also applied to a liquid crystal display in which there is no one-to-one conrespondence relation. That 
is, in a liquid crystal display using what is called a time-divisional driving method, there is no one-to-one correspond- 

55 ence relation between the output pins of the external driver IC and the signal lines and the invention can be applied to 
such a kind of liquid crystal display. 

[0041] The time-divisional driving method is a driving method whereby a plurality of signal lines are set to one unit 
(block), signals which are supplied to the plurality of signal lines in one divided block are time-sequentially outputted 
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from the driver IC, time-divisional switches are provided for the liquid crystal display panel while a plurality of signal lines 
are set to one unit, the time-sequential signals which are outputted from the driver IC are time-divided by the time-divi- 
sional switches and sequentially supplied to the plurality of signal lines. The number of output pins of the driver IC can 
be reduced by using the time-divisional driving method. 

5 [0042] Fig. 7 is a wiring diagram of a liquid crystal display portion in a matrix type liquid crystal display using the 
time-divisional driving method. The matrix type liquid crystal display has a structure such that gate lines 41-1, 41-2, 41- 
3, ... as many as a plurality of rows and signal lines 42-1 . 42-2, 42-3, ... as many as a plurality of columns are wired in 
a matrix shape on the surface of liquid crystal and a back light is arranged on the backside of the liquid crystal. Inter- 
secting points between the gate lines 41-1 , 41-2, 41-3, ... and the signal lines 42-1, 42-2, 42-3, ... become pixels and 

10 form a liquid crystal display panel 40. The pixels have a construction shown in, for example, Fig. 3. 

[0043] One end of each of the gate lines 41-1 , 41-2, 41-3, ... of a plurality of rows is connected to each output ter- 
minal of the corresponding row of a vertical driving circuit 43, respectively. The vertical driving circuit 43 is formed by a 
thin film transistor onto the same substrate as that of the liquid crystal panel, sequentially sends scanning pulses to the 
gate lines 41-1 , 41-2, 41-3, and selects each pixel on a row unit basis, thereby performing the vertical scan. 

15 [0044] A plurality of driver ICs (only a driver IC 44 at the first stage is shown in Fig. 7) to apply a predetermined volt- 
age according to pixel data to the signal lines 42-1 , 42-2, 42-3, ... are provided as external circuits of the liquid crystal 
display panel 40. Digital image data which enables a display of, for example, 8 or more gradations and 512 or more 
colors is inputted to the driver IC 44. The driver IC 44 has a construction shown in, for example. Fig. 4. 
[0045] An IC for dot inversion driving is used as a driver IC 44. To realize the dot inversion driving, the driver IC 44 

20 generates a signal voltage In which an electric potential is inverted every odd and even number of output terminals. The 
dot inversion driving is a driving method of inverting the polarity of a voltage which is applied to an adjacent dot (pixel) 
and is a driving method which is preferable to improve the picture quality. 

[0046] That Is, by inverting the polarity of the voltage which is applied to the adjacent pixel, a diving potential from 
the signal line which is caused due to a cross capacitance between the signal line and the gate line Is cancelled, so that 
25 the pixel potential is stably inputted and a flicker at the time of the display of the liquid crystal is reduced. Thus, the pic- 
ture quality can be Improved. 

[0047] To further realize the time-divisional driving, the driver IC 44 has a construction such that a plurality of signal 
lines are set to one unit and the signals which are sent to the plurality of signal lines are time-sequentially outputted. In 
correspondence to it, analog switches (hereinafter, referred to as time-divisional switches) 46 having a CMOS, PMOS, 
30 or NMOS construction are provided between output lines 45-1 , 45-2, 45-3, ... of the driver IC 44 and the signal lines 42- 
1,42-2,42-3 

[0048] Fig. 8 shows an example of a connecting construction of the time-dlvfsional switches 46 in case of the 3- 
time-divisional driving corresponding to R, G, and B. In case of the 3-time-divisional driving, signal voltages of three pix- 
els of R, G, and B are time-sequentially outputted through the output lines 45-1 , 45-2, 45-3, ... from the output terminals 
35 of the driver IC 44. 

[0049] Spedffcally speaking, as shown in a timing chart of Fig. 9, signals of pixels R1 , G1 , and B1 are outputted 
from an ODD terminal 1 to the output line 45-1 as signal outputs of the driver IC 44; likewise, signals of pixels R2, G2, 
and 82 are outputted from an EVEN tenminal 1 to the output line 45-2; signals of pixels R3, G3, and 83 are outputted 
from an ODD terminal 2 to the output line 45-3; .... 

40 [0050] On the other hand, every three time-divisional switches are provided for one output line in correspondence 
to the 3-time-dlvision in a manner such that time-divisional switches 46-1 , 46-2, and 46-3 are provided between the out- 
put line 45-1 and the three signal lines 42-1 , 42-2, and 42-3; time-divisional switches 46-4, 46-5, and 46-6 are provided 
between the output line 45-2 and the three signal lines 42-4, 42-5, and 42-6; time-divisional switches 46-7; 46-8, and 
46-9 are provided between the output line 45-3 and the three signal lines 42-7, 42-8, and 42-9; .... 

45 [0051] A specific construction of a certain set of time-divisional switches 46-1 , 46-2, and 46-3 will now be described 
by using a circuit diagram of Fig. 1 0. 

[0052] The time-divisional switches 46-1 , 46-2, and 46-3 comprise CMOS analog switches (transmission switches) 
in which p-channel MOS transistors and n-channel MOS transistors are connected in parallel and are formed by thin 
film transistors onto the same substrate as that of the liquid crystal display panel 40. Input terminals of the three time- 
50 divisional switches 46-1 , 46-2, and 46-3 are connected in common and their common connecting point is connected to 
the output line 45-1. 

[0053] Thus, signal potentials which are time-sequentially outputted from the driver IC 44 are inputted to input ter- 
minals of the three time-divisional switches 46-1 , 46-2, and 46-3 via the output line 45-1 . Each of output terminals of the 
time-divisional switches 46-1 , 46-2, and 46-3 is connected to one end of each of the three signal lines 42-1 , 42-2, and 
55 42-3. 

[0054] On the same substrate as that of the liquid crystal display panel 40, total six control lines 47-1 to 47-6 (every 
two control lines for one time-divisional switch) are wired along the wiring directions of the gate lines 41-1, 41-2, 41-3, 
.... Two control input terminals (namely, a gate of an n-channel MOS transistor and a gate of a p-channel MOS transls- 
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tor) of the time-divisional switch 46-1 are connected to the control lines 47-1 and 47-2. Two control input terminals of 
the time-divisional switch 46-2 are connected to the control lines 47-3 and 47-4 and two control input terminals of the 
time-divisional switch 46-3 are connected to the control lines 47-5 and 47-6, respectively. 

[0055] Although the connecting relation of the time-divisional switches 46-1 , 46-2, and 46-3 to the six control lines 
5 47-1 to 47-6 has been described here, the other time-divisional switches 46-4. 46-5, 46-6, ... also have substantially the 
same connecting relation with that mentioned above. 

[00561 Control signals S1 to S3 and XS1 to XS3 to select the three time-divisional switches of each set are given 
from the outside to the six control lines 47-1 to 47-6, respectively. However, the control signals XS1 to XS3 are inversion 
signals of the control signals SI to S3. The control signals SI to S3 and XS1 to XS3 are signals for sequentially turning 
10 on the three time-divisional switches of each set synchronously with the time-sequential signal potentials which are out- 
putted from the drive IC 44. 

[0057] The time-divisional switches 46-1 , 46-2, 46-3, 46-4, 46-5, 46-6, 46-7, 46-8, 46-9, ... of each set are formed 
in the liquid crystal display panel 40 by the thin film transistors having, for example, a bottom gate structure shown In 
Fig. 1 1 A or a top gate structure shown in Fig. 1 1B together with a transistor or the like constructing the vertical driving 
15 circuit 43. 

[0058] In the thin film transistor of the bottom gate structure shown in Fig. 1 1 A, a gate electrode 52 is formed on a 
glass substrate 51 , a polysllicon (Poly-Si) layer 54 is formed on the gate electrode 52 through a gate insulating film 53; 
and an interiayer insulating film 55 is further formed on the layer 54. A source region 56 and a drain region 57 compris- 
ing n* type diffusion layers are formed on the gate Insulating film 53 on the side of the gate electrode 52. The source 
20 region 56 and drain region 57 have n" type low impurity concentration portions 56a and 57a, respectively. Reference 
numeral 58 denotes an interiayer insulating film. A source electrode 59 and a drain electrode 60 are connected to the 
n"^ type source region 56 and drain region 57 through opening portions 58a and 58b formed in the interiayer Insulating 
film 58, respectively. Reference numeral 61 denotes an organic film, 

[0059] In the thin film transistor of the top gate stmcture shown in Fig. 11B, a polysilicon layer 72 is formed on a 
25 glass substrate 71 . A gate electrode 74 is formed on the layer 72 through a gate Insulating film 73. An interiayer insu- 
lating film 75 is further formed on the gate electrode 74. A source region 76 and a drain region 77 comprising n* type 
diffusion layers are formed on the glass substrate 71 on the side of the polysilicon layer 72. The source region 76 and 
drain region 77 have n' type low impurity concentration portions 76a and 77a, respectively. A source electrode 78 and 
a drain electrode 79 are connected to the n^ type source region 76 and drain region 77 through connecting holes 75a 
30 and 75b formed in the interiayer insulating film 75, respectively. Reference numeral 80 denotes an organic film. 

[0060] The time-divisional switches 46-1 , 46-2, 46-3, 46-4, 46-5, 46-6, 46-7, 46-8, 46-9, ... are sequentially turned 
on in response to gate selection signals SI , S2, and S3 (refer to the timing chart of Fig. 9) which are supplied from the 
outside, thereby 3-time-dividing the time-sequential signals which are generated from the driver IC 44 to the output lines 
45-1, 45-2, 45-3, ... for one horizontal scanning period, and supplying the time-divided signals to the conresponding sig- 
35 nal lines. 

[0061] In case of the foregoing 3-time-divisional driving, since the time-dividing number Is an odd number, as will 
be obviously understood from Fig. 12, the dot inversion driving in which the polarity Is inverted between the adjacent 
pixels of one line is performed. Fig, 12 shows a writing state of the signal voltage into each pixel In case of the 3-time- 
divisional driving shown in Fig. 8. In Fig. 12, the lateral direction shows the scanning order and the vertical direction indi- 
40 Gates the operating order of the time-divisional switches, respectively. H denotes a writing state of a high voltage and L 
indicates a writing state of a low voltage. 

[0062] In Fig. 7, in case of Inputting the signal potential from the driver IC 44 to the signal lines 42-1 . 42-2, 42-3, .... 
the signal line in which the time-dlvlslonal switch 46 Is OFF is set into a high impedance state, it Is easily influenced by 
an external diving potential or the like, and the electric potential of the signal line is likely to fluctuate. Therefore, for 
45 example, in case of a 4-time-divlsion as shown in Fig. 13A or the like, since one pixel is not a set of R, G, and B, the 
potential fluctuation of the signal line of every color is not constant and It becomes a cause of a color variation in the 
vertical direction. 

[0063] On the other hand. If the three signal lines of R, G. and B are 3-tlme-divlded as shown in Fig. 1 3B, the poten- 
tial fluctuation of the signal line of every color which is caused due to the external diving potential or the like becomes 

50 almost uniform, so that it is possible to construct such that a slight potential fluctuation Is not emphasized. In other 
words, in case of R, the potential fluctuates In R; in case of G, the potential fluctuates in G; and in case of B, the poten- 
tial fluctuates in B. Therefore, by providing an offset to a chrominance signal data which is supplied to the driver IC 44, 
the potential can be set to a predetermined signal potential. So long as a fluctuation of a source potential within a per- 
mission range, a deviation as a chromaticity signal does not occur. 

55 [0064] As will be obviously understood from the above description, by applying the time-divisional driving to the liq- 
uid crystal display, the number of output pins of the driver IC 44 can be reduced. Specifically speaking, in case of the 
3-time-divisional driving, since the number of output pins of the driver IC 44 can be reduced into 1/3 than that in the case 
where the time-divisional driving Is not used, the size In the pin arranging direction of the driver IC can be reduced. 
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[0065] !n this instance, as in the foregoing second embodiment, when considering the case of setting the number 
of output pins of the driver IC 44 to the measure of the total number of signal lines, if the number of output pins is made 
correspond to the numerical values in the second embodiment, the measure for the total number (3072) of signal lines 
Is equal to 1536 (= 512 x 3). By the setting of the number of pins, It is possible to prevent that a surplus connecting 
5 region which does not contribute to the image display occurs in the connecting portions between the driver ICs and the 
signal lines, 

[0066] Thus, in future, for the display system such as SXGA {super XGA), UXGA (ultra XGA), or the like in which 
there is a tendency of an increase in number of display pixels, a compact size can be realized as a liquid crystal display 
module while stably supplying an excellent picture quality by the dot inversion driving, and the multicolor display can be 
10 realized by a cheap liquid crystal display panel. 

[0067] Although the embodiment has been described with respect to the XGA display system as an example, the 
invention can be similarly applied to each of the SHXGA (super half XGA) and HXGA (half XGA) display systems in 
which the numbers of pixels in the horizontal direction are the same. 

[0068] The standard of the SHXGA display system Is an image display standard of 1 024 pixels x 480 pixels and the 
15 aspect ratio is set to 32 : 15. This is characterized in that an XGA standard signal can be displayed without laterally 
scrolling and a VGA (video graphics an^y) standard signal can be fully displayed. The standard of the HXGA display 
system is an image display standard of 1 024 pixels x 384 pixels and the aspect ratio Is set to 8 : 3. This is considered 
to be a portable terminal standard of the XGA standard. 

[0069] As will be obviously understood from those display standard, since the number of pixels in the horizontal 
20 direction is equal to 1024 in each of the XGA, SHXGA, and HXGA display systems, the total number of signal lines In 
each system is equal to 3072 and the driver IC 44 to drive the signal lines can be considered in common. 
[0070] In the field of the liquid crystal display, recently, the miniaturization of the apparatus, particularly, the realiza- 
tion of a nan-ow width of the liquid crystal display panel is actively progressed. To realize the narrow width of the liquid 
crystal display panel, it is sufficient to reduce the size of the frame portion (hereinafter, abbreviated to a frame size) of 
25 the liquid crystal display panel as small as possible. Under the existing manufacturing technique, the frame size of 4 
mm or less is a target size as an example. 

[0071] For example, in case of using a TAB (Tape Automated Bonding) system as a method of Installing the driver 
IC 44 as an external circuit of the liquid crystal display panel, since a pad size of TAB is equal to about 2 mm at present, 
in order to satisfy the frame size of 4 mm or less, it is necessary that a size of region which Is needed for wiring and 
30 connection between the TAB and the time-divisional switches 46-1 , 46-2, 46-3, 46-4, 46-5, 46-6, 46-7, 46-8, 46-9, and 
the like is suppressed to 2 mm or less. 

[0072] In the second embodiment in which the number of output pins of the driver IC is set to the measure of the 
total number of signal lines In consideration of the above problems, a specific example regarding the setting of the 
number of driver ICs will now be described hereinbelovk^ every display with respect to the case of the 3-time-divlslonal 

35 driving of R, G, and B as an example. 

[0073] The case of a liquid crystal display system of the SXGA display system will be first described. The standard 
of the SXGA display system is a standard of 1280 pixels x 1 024 pixels and one pixel consists of 3 dots of R, G, and B, 
so that the total number of signal lines {= the number of dots in the horizontal direction) is equal to 3840 (= 1280 x 3). 
[0074] According to the existing patterning technique, since a wiring width is equal to about 4 ^m and a wiring inter- 

40 val Is equal to about 3.5 |im, a space of about 7.5 jxm is needed per wiring. As mentioned above, when It is desired to 
set the frame size of the liquid crystal display panel to 4 mm or less, since a space which Is permitted for wiring and 
connection is equal to 2 mm or less, the numerical value of about 266 (= 2 mm/7.5 \irr\) is derived as the maximum 
number of lines which can be wired in the frame portion. 

[0075] However, since a wiring pitch of the signal lines is wider than a pitch of the output pins of the driver IC, the 
45 flexible cables for electrically connecting the output pins of the driver ICs and the time-divisional switches are divided 
into halves on the right and left sides in the frame portion of the liquid crystal display panel. Thus, the maximum number 
of output pins of the driver IC Is equal to a value that is twice as large as the maximum number of lines (266) which can 
be wired, namely, about 532. 

[0076] As will be obviously understood from the above description, in case of the SXGA display system, since the 
50 points that the number of output pins is equal to or less than 532 and is equal to the measure of the number of signal 

lines (3840 lines) become conditions, for example, 320 is set as the number of output pins of the driver IC. In case of 
the 3-time-divisional driving, since it is sufficient to set the total number of output pins of the driver IC to 1/3 of the 
number of signal lines (3840 lines), 4 (= 1280/320) Is set as the number of driver ICs. 

[0077] That is, in the liquid crystal display of the SXGA display system, when the 3-time-divisional driving is used, 
55 as shown In Fig. 14. four driver ICs 44-1 to 44-4 each having 320 output pins are arranged at a predetermined interval 
on an external substrate (not shown) different from the liquid crystal display panel 40 and connected to the time-divi- 
sional switches (not shown) in the connecting portion 16 of the frame of the liquid crystal display panel 40 through the 
flexible cables 15. 
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[0078] By using the 3-time-di visional driving is used in the liquid crystal display of the SXGA display system as 
mentioned above, for example, if 320 is set as the number of output pins of the driver IC, it is sufficient to use four driver 
ICs, Therefore, if the general driver IC of, for example, 384 pins is used without using the 3-time-divisional driving, a 
standby electric power is equal to 2/5 or less than that in the case where 1 0 (= 3840/384) driver ICs are needed. 
5 [0079] It also contributes to the reduction of costs of the driver IC. Moreover, in future, the more number of pins of 
the driver IC is expected in association with the progress of the integrated circuit technique and the number of driver 
ICs can be set to 3 or less in accordance with it, so that the further reduction of the electric power consumption and the 
product costs can be expected. 

[0080] The horizontal scanning time of the SXGA display system is determined to 21 .537 ^isec, 15.63 |isec, 12.504 
10 jisec, and 10.971 [isec on the standard. To realize the constructions of Figs. 10 and 14 under the above standard, for 
example, it is necessary to match with 1 0.971 usee as the shortest horizontal scanning time. 

[0081] Since the 3-time-dlvlslon is now performed, it is necessary to select time that is equal to or shorter than 1/3 
of 10.971 ^sec. That is. it is necessary that the sampling time is equal to 3.657 usee or less. Similariy, if the horizontal 
scanning time is equal to 21 .537 p,sec, the sampling time is equal to 7.1 79 usee or less; If it is equal to 1 5.63 psec, the 
15 sampling time is equal to 5.21 |xsec or less; and if it is equal to 12.504 \isec, the sampling time is equal to 4.168 (Jisec 
or less. 

[0082] In a timing chart of Fig. 1 5, with respect to the leading and trailing times (throughrate) of output waveforms 
which are outputted from the driver IC 44 to the signal lines, since it is necessary to finish them within the sampling time, 
it is necessary to set to a period shorter than a selecting period of time. It is defined that the leading and trailing times 
20 of the driver IC 44 are set to the time which varies within a range of 0% <=> 99.75%. For example, when a signal ampli- 
tude of the signal line is equal to 9V, there is an error of 0.00225V. 

[0083] After the time-divisional switch of R was selected, it is necessary to provide a blanking period for a period of 
time until the second time-divisional switch is selected. This is because the signal potential of the non-selection signal 
line in which the electric potential has been determined fluctuates. When the selection signal line connected to the time- 
25 divisional switch increases in size, a parasitic capacitance or a wiring resistance certainly exists and a delay occurs in 
the selection line time due to It. Thus, since the adjacent time-divisional switches are simultaneously turned on/ofF, the 
signal potential of the non-selection signal line cannot be decided. 

[0084] This is shown in waveform diagrams of Figs. 16A, 16B, and 16C. Fig. 16A shows a period which is selected 
by the time-divisional switches at the input terminal. Fig. 16B shows a period which is selected by the time-divisional 
30 switches in the liquid crystal substrate, and Fig. 16C shows a signal output after the time-divisional switches, respec- 
tively. A solid line indicates a case where the blanking period is provided. A broken line shows a case where the blank- 
ing period is not provided. 

[0085] As will be obviously understood from Fig. 16C, when the blanking period is not provided (broken line), the 
signal potential of the non-selection signal line in which the electric potential has been determined fluctuates as shown 

35 by an alternate long and short dash line. Therefore, when the liquid crystal display of the SXGA display system is man- 
ufactured, as shown In the timing chart of Fig. 1 5, it is necessary to set blanking periods (a), (b), and (C) which are equal 
to or shorter than the time of (scanning time in the horizontal direction - selecting time x 3)/3 . In the blanking period 
(c), as shown in the timing in Fig. 15, a gate selecting pulse to select the gate line at each stage has to be switched. 
[0086] Since a delay time also occurs with respect to the gate selecting pulse, the adjacent gate lines are simulta- 

40 neously tumed on/off, thereby causing a fluctuation of the pixel potential. To prevent it, the blanking period is also nec- 
essary in the switching period of time of the gate selecting pulse. Therefore, If the time of 
(scanning time in the horizontal direction - selecting time x 3)/3 is insufficient as a blanking period (c), the time longer 
than that is necessary. In the driving circuit of the existing selective switch, 40 nsec is necessary as a short blanking 
period and Is the minimum value. 

45 [0087] In a circuit construction of the liquid crystal pixel shown in Fig. 17, jitters of the gate lines 41-1, 41-2, 41-3, 
... and periodic fluctuations of Cs lines 48-1 , 48-2, 48-3, ... are induced as shown in a waveform diagram of Fig. 18 by 
a diving potential from the signal lines 42-1. 42-2, 42-3, 42-4, ... which are caused due to a parasitic capacitance Cgs 
between the gate lines 41-1 , 41-2, 41-3, ... and the signal lines (source lines) 42-1 , 42-2, 42-3, 42-4, ... and a parasitic 
capacitance Ccs between the Cs lines 48-1, 48-2, 48-3, ... to supply the common voltage VCOM to the counter elec- 

50 trodes of the pixels and the signal lines 42-1 , 42-2. 42-3, 42-4 

[0088] Particulariy, fluctuating potentials of the jitters of the Cs lines 48-1 , 48-2, 48-3, ... are specified by As1 , As2. 
and As3 shown in Fig. 1 9. Asl , As2, and As3 denote potential differences between a crosstalk generating region and a 
non-generating region. It has been found that if the potential differences Asl , As2, and As3 are equal to or less than 70 
mV, they are not judged as an image. That is, at present, if such a condition is satisfied, they are not decided as a cross- 

55 talk in the lateral direction. 

[0089] To prevent the jitters of the gate lines 41-1, 41-2, 41-3, ... and the periodic fluctuations of the Cs lines 48-1, 
48-2, 48-3, ... which are caused due to the capacitance Cgs between the gate lines and the signal lines and the capac- 
itance Ccs between the Cs lines and the signal lines, in the large liquid crystal display, as mentioned above, the dot 
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inversion driving system in which the polarities between the adjacent pixels are inverted while the counter electrode is 
used as a reference is used. In case of the dot inversion driving system, the leading time and the trailing time become 
the times which cannot be ignored as compared with those in the conventional liquid crystal display in which the signal 
lines 42-1 , 42-2, 42-3, ... are connected to the output pins of the driver IC 44 In a one-to-one correspondence relatlon- 
5 ship. 

[0090] When the time-dividing number is equal to 3, the time necessary to settle the Cs lines 48-1 , 48-2, 48-3, ... is 
equal to 1/3 of the conventional one and the conditions become severe. As a countermeasure, particularly, it is neces- 
sary to eliminate the crosstalks in the lateral direction which are caused due to the jitters of the Cs lines 48-1 , 48-2, 48- 

3 For this purpose, as shown in a waveform diagram of Fig. 20, it is necessary to set the leading waveform and trail- 

10 ing waveform of the driver IC 44 to be symmetrica! with respect to the time base, namely, to equalize the leading time 
and the trailing time. 

[0091] As mentioned above, in the dot inversion driving, by setting the leading waveform and trailing waveform of 
the driver IC 44 to be symmetrical with respect to the time base, the fluctuating potential amount can be cancelled by 
the signals of the opposite polarities, so that most of the fluctuations of the gate lines 41-1 , 41-2, 41-3, ... and Cs lines 
15 48-1, 48-2, 48-3, ... are eliminated. As the fluctuation amount is smaller, the time that is required to settle the electric 
potentials of the Cs lines 48-1, 48-2, 48-3, ... becomes shorter. 

[0092] Fig. 21 shows a simulation result in case of the SXGA display system of 17 inches as an example. When 
considering from the simulation result, it will be understood that it is desirable to set a time difference between 3Trise 
(leading) and 3'dall (trailing) to 500 nsec or less. It is, thus, necessary to satisfy the following condition. 

20 

\3tnse - 3Tfall| ^ 500 nsec 

or 

25 \2inse - 2Tfall| ^ 500 nsec 

where, x is constant at 0.5 ^isec, 3t indicates a transition from 0% to 90%, and 2t indicates a transition from 0% to 86%, 

respectively. 

[0093] As a condition showing that the leading waveform and the trailing waveform are symmetrical, a point that a 
30 displacement time of 0% <=> 63%, a displacement time of 0% 86%, a displacement time of 0% <^ 95%, a displace- 
ment time of 0% <=» 98%, a displacement time of 0% <^ 99.3%, and a displacement time of 0% <=> 99.8% are the sanie 
becomes a condition. Fig. 22 shows an example of numerical values of the periods in case of manufacturing the liquid 
crystal display of the SXGA display system. 

[0094] The case of the liquid crystal display of the UXGA display system will now be described. Since the standard 
35 of the UXGA display system is a standard of 1600 pixels x 1200 pixels and one pixel consists of 3 dots of R, G, and B, 
the total number of signal lines is equal to 4800 (= 1600 x 3). 

[0095] Now, assuming that, for example, 320 is set as the number of output pins of the driver IC under conditions 
similar to those in case of the SXGA display system mentioned above, in case of the 3-time-dlvlsional driving, it is suf- 
ficient to set the total number of output pins of the driver IC to 1 /3 of the number of signal lines (4800 lines). Therefore, 

40 in the embodiment, 5 (= 1 600/320) is set as the number of driver ICs. 

[0096] That is, in case of using the 3-time-divisional driving in the liquid crystal display of the UXGA display system, 
as shown in Fig. 23, five driver ICs 44-1 to 44-5 each having 320 output pins are arranged at a predetermined interval 
on an extemal substrate (not shown) different from the liquid crystal display panel 40 and connected to the time-divi- 
sional switches (not shown) In the connecting portions 16 of the frame of the liquid crystal panel 40 through the flexible 

45 cables 1 5. 

[0097] By using the 3-time-divisional driving in the liquid crystal display of the UXGA display system as mentioned 
above, for example, when the number of output pins of the driver iC is set to 320, it is sufficient to use five driver ICs. 
Therefore, the standby electric power is reduced into 5/13 or less as compared with that in the case where 13 (= 
4800/384 = 12 and a remainder 92) driver ICs (one of them uses only 92 pins) are necessary when the general driver 
so IC of, for instance, 384 pinis is used. 

[0098] It also contributes to the reduction of the costs of the driver IC. Moreover, in future, In association with the 
progress of the integrated circuit technique, the more number of pins of the driver IC is expected and four or less driver 
ICs can be also set in accordance with it. Thus, the further reduction of the electric power consumption and the product 
costs can be expected. 

55 [0099] The horizontal scanning times of the UXGA display system are determined to 1 6 jisec, 1 3.333 jisec, 1 2.308 
^isec, 1 1 .429 ^isec, 1 0.667 ^isec, 1 0 pisec, and 9.412 ^isec on the standard. In order to realize the constructions of Figs. 
10 and 23 under this standard, for example, it is necessary to match with, for instance, 9,412 ^isec as the shortest hor- 
izontal scanning time. Since the 3-time-division is now performed, it Is necessary to select the time that is equal to or 
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shorter than 1/3 of 9.412 ^sec. That Is, it is necessary to set the sampling time to 3.137 p.sec or less. 
[01 00] Similarly, if the horizontal scanning time is equal to 1 6 |isec, the sampling time is equal to 5.333 ^isec or less; 
if it is equal to 13.333 ^sec, the sampling time is equal to 4.444 |isec or less; if it is equal to 12.308 ^ec, the sampling 
time is equal to 4.103 p.sec or less; if it is equal to 1 1 .429 |isec, the sampling time is equal to 3.81 0 }isec or less; If it is 

5 equal to 10 jisec, the sampling time is equal to 3,333 jisec or less. 

[01 01 ] The setting of the leading and trailing times (throughrate) of the output waveform of the driver IC 44 and the 
blanking period and the symmetry between the leading waveform and the trailing waveform of the output of the driver 
IC 44 are similar to those in the case of the foregoing SXGA display system. Fig. 24 shows an example of numerical 
values of the period of time in case of manufacturing the liquid crystal display of the UXGA display system. 

10 [01 02] The case of the liquid crystal display of each of the display systems of SXGA and UXGA has been described 
above. The case of a liquid crystal display of each of the display systems of VGA, HVGA (half VGA), and QVGA (quarter 
VGA) will now be described. 

[0103] First, the case of the liquid crystal display of the VGA display system will be described. The standard of the 
VGA display system is a standard of 640 pixels x 480 pixels and one pixel consists of 3 dots of R, G, and B, so that the 

15 total number of signal lines is equal to 1 920 (= 640 x 3). 

[0104] It is now assumed that, for example, the number of output pins of the driver IC is set to 320 under conditions 
similar to those in the case of each display system of SXGA and UXGA mentioned above. In case of the 3-tlme-divi- 
slonal driving, since It is sufficient to set the total number of output pins of the driver IC to 1/3 of the number of signal 
lines (4800 lines), the number of driver ICs Is set to 2 (= 640/320) In the embodiment. 

20 [0105] That is, when the 3-time-divisiona! driving is used in the liquid crystal display of the VGA display system, as 
shown in Fig. 25, the two driver ICs 44-1 and 44-2 each having 320 output pins are an-anged at a predetermined interval 
on an external substrate (not shown) different from the liquid crystal display panel 40 and connected to the time-divi- 
sional switches (not shown) In the connecting portions 1 6 of the frame of the liquid crystal display panel 40 through the 
flexible cables 15. 

25 [0106] As mentioned above, by using the 3-time-divislonal driving In the liquid crystal display of the VGA display 
system, for example, when the number of output pins of the driver IC is set to 320, it Is sufficient to use two driver ICs. 
The standby electric power is reduced into 1/3 or less as compared with that in the case where 6 (= 1920/384 = 5 and 
a remainder 10) driver ICs (one of them uses only 10 pins) are necessary when the 3-time-di visional driving is not used 
and the genera! driver IC of, for instance, 384 pins is used. 

30 [0107] It also contributes to the reduction of the costs of the driver IC. Moreover, in future, in association with the 
progress of the integrated circuit technique, the more number of pins of the driver IC Is expected and one driver IC can 
be also set in accordance with It. Thus, the further reduction of the electric power consumption and the product costs 
can be expected. 

[01 08] The standard of the HVGA display system is a standard of 640 pixels x 240 pixels and the number of pixels 
35 In the horizontal direction is the same as that of the VGA display system, so that the total number of signal lines is also 
equal to 1 920. Therefore, if the number of output pins of the driver IC Is set to, for example, 320, the number of driver 
ICs which are set Is also equal to 2. 

[0109] On the other hand, the standard of the QVGA display system is a standard of 320 pixels x 240 pixels and 
the total number of signal lines is equal to 960. Now, assuming that the number of output pins of the driver IC is set to, 
40 for example, 320, in case of the 3-time-divisiona! driving, it is sufficient to set the total output pins of the driver IC to 1/3 
of the number of signal lines (960 lines). Therefore, in the QVGA display system, as shown in Fig. 26. the number of 
driver ICs is set to 1 (= 320/320). 

[0110] For example, in the standard IBM VGA (mode-4) display system of the VGA standard, the horizontal scan- 
ning time is equal to 31 .778 p.sec. Since the 3-time-divislon is performed, it is necessary to select the time that is equal 
45 to or less than 1/3 of 31 .778 |a.sec. That is, it is necessary to set the sampling time to 10.59 j^sec or less. In the QVGA 
display system, for example, now assuming that the horizontal scanning time Is set to 63 p.sec, it is necessary to set the 
sampling time to 10.59 pisec or less in the 3-time-divlsion. 

[0111] The setting of the leading and trailing times (throughrate) of the output waveform of the driver IC 44 and the 
blanking period and the symmetry between the leading waveform and the trailing waveform of the output of the driver 
50 IC 44 are similar to those in the case of the foregoing SXGA display system. Fig. 27 shows an example of numerical 
values of the period of time in case of manufacturing the liquid crystal display of each display system of VGA and 
QVGA. 

[0112] As mentioned above, for example, in the 3-time-divislonal driving, when the frame size of the liquid crystal 
display panel 40 is specified, the number (n) of output pins of the driver IC 44 is determined on the basis of the specified 
55 frame size by the number of lines which can be wired to the wiring region of the frame portion. Now, assuming that the 
total number of signal lines which is determined by the display system is labelled as N, by setting the number of driver 
IC 44 to N/n, the number of driver ICs can be remarkably reduced as compared with that in the case where the time- 
divisional driving Is not used and the standby electric power can be fairly reduced, so that the electric power consump- 
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tion of the whole liquid crystal display can be reduced. 

[0113] In the blanking periods (a), (b), and (c) in the tinning chart of Fig. 15 without limiting to the display system, 
the time-divisional switches (analog switches) are OFF and the electric potentials of the signal lines have been deter- 
mined. Therefore, they are not influenced by an output from the driver IC as an external IC. Thus, when the output circuit 

5 of the driver IC is driven in the blanking periods (a), (b), and (C), the electric power is consumed in vain. 

[01 14] Fig. 4 shows an example of an Internal construction of the driver IC. However, actually, as shown in Fig. 28, 
an output circuit 36 is usually arranged at the post stage of the D/A converter 35, It is, therefore, assumed that the out- 
put circuit 36 Is made inoperative for the blanking periods (a), (b), and (c), thereby reducing the electric power consump- 
tion. As shown in Fig. 29, the output circuit 36 has a circuit construction of, for instance, a voltage follower comprising 

10 an operational amplifier and an output buffer. 

[01 15] In the output circuit 36 of the voltage follower circuit construction, for example, when a power source of the 
voltage follower is turned off for the blanking periods (a), (b), and (c), no current flows in the operational amplifier portion 
and an output enters a high impedance state. As mentioned above, by making the output circuit 36 inoperative for the 
blanking periods (a), (b), and (c), the electric power corisumptlon can be reduced. 

IS [0116] The writing of data into the driver IC to drive the signal lines will now be described. Ordinarily, as shown In 
Fig. 30, two memory circuits (1) 81 and (2) 82 each having a storage capacity corresponding to one line are connected 
to the liquid crystal display panel 40 through, for example, three driver ICs 44-1 , 44-2, and 44-3. 
[0117] First, data of one line Is stored into the memory circuit 81 and, after that, a switch 83 is switched, and while 
data is stored into the memory circuit 82 Ibr a period of time of next one line, only R is selected by a switch 85 that Is 

20 interiocked with the switch 83. R data as much as one line is read out from the memory circuit 81 through a switch 84- 
1 and written into the driver ICs 44-1 , 44-2, and 44-3. Subsequently, only G is selected and G data as much as one line 
is similariy written. Finally, only B Is selected and B data as much as one line Is similariy written. 
[0118] In the next 1-line period, the memory circuits 81 and 82 are switched and a procedure similar to that men- 
tioned above is repeated, thereby constructing an image. Generally, when the data as much as the number of horizontal 

25 dots is transferred one dot by one to the driver IC at the first stage, the data is sent like beads and the data of one line 
Is set into a plurality of driver ICs. At this time point, by writing the data of one line into the liquid crystal display panel 
40 in a lump, an Image is formed every line per colon By repeating the above operations the number of times (the 
number of vertical pixels x 3 times), one image is constructed. 

[0119] However, in association with the recent large number of pixels of the liquid crystal display, the number of plx- 
30 els in the horizontal direction also Increases and, at the same time, a transfer rate of video data also rises and the writ- 
ing time to the liquid crystal display panel also becomes short For example, when considering the liquid crystal display 
of the SXGA display system, the data transfer rate of the video data is equal to about 200 MHz and the driver IC which 
can write the data at this speed does not exist at present. 

[0120] In the embodiment, therefore, by using a method of simultaneously writing different data Into a plurality of 
35 driver ICs, it is enabled to use even the existing driver ICs. Fig. 31 shows an example of a specific construction to realize 
it. In the example, to easily explain, explanation will be made on the assumption that the number of horizontal pixels is 
set to 30 (total 90 dots for R. G, and B) and the number of shift registers 31 (refer to Fig. 28) in each driver IC Is set to 
1 0, respectively. 

[0121] As shown in Fig. 31 , two memory circuits (1 ) 81 and (2) 82 each having a storage capacity conresponding to 
40 one line are provided. The video data is supplied to the memory circuit 81 or 82 via the switch 83 to switch those mem- 
ory circuits. Switches 84-1 to 84-6 for switching the colors of R, G, and B are provided on the output sides of the mem- 
ory circuits 81 and 82 in a manner such that one switch is provided for every three terminals. Switches 85-1 to 85-3 each 
for switching again the memory circuits 81 and 82 are further provided at the post stage of the switches 84-1 to 84-6. 
Selection outputs of the switches 85-1 to 85-3 are supplied to the driver ICs 44-1 to 44-3, respectively. 
45 [01 22] Outputs of R, G, and B of the same number as that of driver ICs exist in the memory circuits 81 and 82 and 
are constructed so as to sequentially output the data of 1 to 10 dots, 11 to 20 dots, and 21 to 30 dots. The switch 83 
arranged at the front stage of the memory circuits 81 and 82 and the switches 85-1 to 85-3 arranged at the post stage 
of the memory circuits 81 and 82 are interiocked with each other. When one of the switches 83 and the switches 85-1 
to 85-3 selects the memory circuit 81 , the other selects the memory circuit 82. 
50 [0123] In the above construction, since the switch 83 has initially been switched to the memory circuit 81 side, the 
video data which is inputted from the outside is stored into the memory circuit 81 through the switch 83 by an amount 
of one line. After that, since the switch 83 is switched to the memory circuit 82 side, the video data of next one line is 
stored into the memory circuit 82. 

[0124] At this time, the memory circuit 81 outputs the data of the first to the 1 0th dots to the driver IC 44-1 . outputs 
55 the data of the 1 1th to the 20th dots to the driver IC 44-2, and outputs the data of the 21st to the 30th dots to the driver 
IC 44-3, respectively. In the next one line, the memory circuits 81 and 82 are switched and the operation similar to that 
mentioned above is performed and repeated, so that one image Is constructed. 

[0125] As mentioned above, the data of one line is first stored into the memory circuit 81 and while the data is 
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stored into the memory circuit 82 for the next 1-line period, only R is selected by the switches 84-1 to 84-3, the R data 
as much as one driver IC is read out from the memory circuit 81 and written into the relevant driver IC. At the same time, 
the relevant data is also read out and written into another driver IC. By also writing the relevant data by a similar method 
with respect to G and B, the different data can be simultaneously written into each of the driver ICs. 

5 [0126] Consequently, now assuming that the number of driver ICs is equal to n, the speed at which the data is writ- 
ten into each driver IC can be reduced into 1/n. Therefore, for example, if the transfer rate of the video data is equal to 
200 MHz and the number n of driver ICs is equal to 3. the data can be processed by the driver IC having an operating 
speed of about 67 MHz and it is possible to sufficiently cope with such a situation by the existing driver ICs. Since the 
writing time that is required to write all of the data of one line into each driver IC can be reduced into 1/n, the writing 

10 time to the liquid crystal display panel can be extended by only the time corresponding to such a reduced writing time. 
[0127] In the conventional liquid crystal display, however, voltage-transmittance characteristics of each of R, G, and 
B do not coincide. This is because since the wavelength differs every color, a difference of refractive indices in the liquid 
crystal molecule occurs in dependence on the wavelengths, so that the voltage-transmittance characteristics of R are 
deviated to the negative voltage side as compared with those of B. 

15 [0128] Figs. 32A and 32B show characteristics curves (V-T curves) of the transmittance of the liquid crystal and the 
voltage to be applied to the liquid crystal In case of using a TN (twist nematic) liquid crystal. As will be obviously under- 
stood from the characteristics diagram of Fig. 32A, usually, the V-T curve is shifted in R (transmission wavelength is 600 
to 660 nm). G (transmission wavelength is 530 to 550 nm). and B (transmission wavelength Is 370 to 460 nm). 
[0129] This is because, there is the difference of the refractive Indices of the liquid crystal molecule in dependence 

20 on the wavelength. Since the refractive index of R of a longer wavelength is smaller, when the voltage is applied to the 
liquid crystal, the rotation of 90° of the light due to the liquid crystal is soon lost. Since the refractive index of B is large, 
the rotation of 90° of the light is maintained to the last. Therefore, in the V-T curve, even if the same voltage is applied, 
a difference of the transmittance occurs. 

[0130] In the liquid crystal display according to the invention with the construction such that the time-divisional 
25 switches (analog switches) are arranged in the horizontal direction in the liquid crystal substrate, the signal lines other 

than the selected switches are in a floating state. In this state, the signal lines are influenced by the diving of the signal 

potential between the adjacent signal lines. That is, an interiine capacitance exists between the signal lines of the pixel. 

In Figs. 33A, 338, and 33C showing equivalent circuits around the time-divisional switches, for example, when the 

switch S2 is selected (Fig. 33B) after the switch SI was selected (Fig. 33A), the signal at the "H" level of the switch S2 
30 dives into the switch SI and the held voltage is Increased by only an amount of the diving capacitance. 

[0131] Now, assuming that a capacitance between the signal lines is set to Csigl and a capacitance of one signal 

line is set to Cslg2, a voltage AV by the diving is obtained by 

AV = Vsig X Csigl /(Csigl + Cslg2) (1 ) 

35 

where, Vslg denotes an amplitude voltage of the signal voltage which is inputted to the selected signal line. It is suffi- 
cient to decide a value of the amplitude voltage so as to just complement a shift amount of the applied voltage in a state 
of the same transmittance of halftone on the V-T curve of the liquid crystal. 

[0132] A shift amount of the voltages of R and B is equal to 0.3V and is allocated to the voltage AV due to the diving. 
40 According to the 1 HVCOM (common) inversion driving method, since the voltage of the same polarity Is applied to the 
signal line for a 1 H time, with respect to the switch S1 which has previously been selected, the held electric potential of 
the signal line increases when the next switch S2 is selected. 

[0133] The switch S3 is subsequently selected (Fig. 33C). This means that the diving potential is inputted from a 
switch S3' adjacent to the switch SI. Finally, the signal lines are influenced by the diving potential between the signal 

45 lines twice with respect to the switch SI and once with regard to the switch S2. 

[0134] A method of complementing the voltage shift of the V-T curve depending on the color of the liquid crystal by 
paying attention to such a phenomenon will now be described. As for the 1H inversion driving method, as will be obvi- 
ously understood from the timing chart of Fig. 34, the signal lines are an-anged in a manner such that the signal line 
which is selected at first Is set to B, the signal line which is selected at the second time is set to G, and the signal line 

so which Is selected at the third time Is set to R, thereby performing the complementing of the V-T curve mentioned before. 
[0135] In case of performing the dot inversion driving, since the signals of the opposite polarities are always applied 
to the adjacent signal lines, as a signal potential (amplitude potential), the diving voltage is generated in a decreasing 
direction. That is, as shown in Figs. 35A, 35B, and 35C, when the signal is written at the "H" level into the switch SI 
(Fig. 35A) and, thereafter, when the signal is written at the "L" level into the switch S2 (Fig. 35B), the electric potential 

55 at the "L" level dives into the non-selected switch S1 . After that, the signal at the "H" level is written into the switch S3 
(Fig. 35C). However, a diving potential at the "H" level similarly occurs for a switch SV adjacent to the switch S3. 
[0136] However, the switch S3' adjacent to the switch SI is set to the "L" level because of the dot Inversion driving. 
This "L" level signal dives into the switch S1 and the voltage further decreases. Finally, the voltage to reduce the signal 
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voltage occurs twice for the s\Arttch S1 selected first. The voltage to reduce the signal voltage occurs once for the switch 
S2. 

[0137] To complement the voltage shift in the V-T curves of R, G, and B of the liquid crystal, as will be obviously 
understood from a timing chart of Fig. 36, it is desirable to set the signal line to be selected first to R, to set the second 

5 signal line to G, and to set the third signal line to B. 

[0138] By using the above method, as shown in Fig. 32B, the characteristics curve of the voltage-transmittance at 
the half-tone is complemented and an image can be precisely displayed in accordance with the image signal. Figs. 37A 
and 37B show relations between the pixel array and the scanning direction of the time-divisional switches according to 
the invention. Fig. 37A shows the case of the 1 H inversion driving method and Fig. 378 shows the case of the dot inver- 

10 sion driving method, respectively. 

[0139] The above method can present an extremely large effect from a viewpoint that since the capacitance exist- 
ing between the signal lines is actively used for complementing the voltage-transmittance characteristics of the liquid 
crystal, a complicated circuit construction is not needed, and the invention can be accomplished by setting only the 
color array to a predetermined order. 

IS [0140] It is, however, necessary that the capacitance Csigl between the signal lines and the capacitance Csig2 of 
the signal line Itself satisfy the condition of 

AV = Vsig X Csigl /(Csigl + Csig2) ^ (the voltage difference between R and G 
of the voltage-transmittance characteristics in the liquid crystal) 

20 

For example, now assuming that the voltage difference between R and G of the voltage-transmittance characteristics 
in the liquid crystal is equal to 0.15V and the amplitude voltage Vsig of the signal voltage which is inputted to the 
selected signal line Is equal to 9V, In order to correct It, It is sufficient to design such that 

25 

Csig1/(Csig1 + Csig2) = 0:017 

[0141] As mentioned above, in the liquid crystal display of each display system, by generating the signal potential 
so as to correct the curve of the voltage-transmittance (V-T) characteristics of R, G, and B from the driver IC 44, the 
30 transmittances of R, G, and B at a position near the half-tone coincide, so that a color can be more precisely expressed 
in accordance with the image signal. Since a complicated circuit construction Is unnecessary, the color precision can 
be improved without deteriorating the manufacturing yield. 

[0142] In the liquid crystal display according to the invention as described above, when a plurality of driver circuits 
are ananged In order while setting the numbers of output terminals of them to the same value so as to have a corre- 

35 spondence relation with each of the signal lines as many as a plurality of columns, if a fraction occurs in the signal lines 
of a plurality of columns, the number of output terminals of one of the plurality of driver circuits is set to the above frac- 
tion, so that the output terminals of the driver circuits can be connected to the signal lines without causing a remainder 
in the output terminals. Thus, a surplus connecting region which does not contribute to the Image display is not caused 
on the liquid crystal display panel, so that the width in the horizontal direction of the liquid crystal display panel can be 

40 narrowed. 

[0143] In another liquid crystal display according to the invention, since the number of output terminals of each of 
a plurality of driver circuits is set to the measure of the total number of signal lines as many as a plurality of columns, 
no fraction occurs in the signal lines and the output terminals of the driver circuits can be connected to the signal lines 
without causing a remainder in the output terminals. Therefore, a surplus connecting region which does not contribute 
45 to the image display is not caused on the liquid crystal display panel, so that the width In the horizontal direction of the 
liquid crystal display panel can be narrowed. 

1 0, 40.. LIQUID CRYSTAL DISPLAY PANEL 

^^ 1-3, 4iri - 41-3.. gate line 

50 12-1 - 12-6, 42-1 - 42-6.. SIGNAL LINE 

13, 43.. VERTICAL DRIVING CIRCUIT 
14-1 - 14-3, 44-1 ~ 44-5.. DRIVER IC 
20.. PIXEL 

21., THIN FILM TRANSISTOR 
55 22.. ADDITIONAL CAPACITOR 

23.. LIQUID CRYSTAL CAPACITOR 
31.. HORIZONTAL SHIFT REGISTER 
32„ SAMPLING SWITCHES 
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33.. LEVEL SHIFTER 
34.. DATA LATCHES 

35.. D/A CONVERTER (DIG ITALIAN ALOG CONVERTING CIRCUIT) 
36.. OUTPUT CIRCUIT 
5 81 . 82.. MEMORY CIRCUIT 

Claims ^ 



1. A liquid crystal display comprising: 

10 

a display portion in whicli a plurality of pixels are two-dimensionally arranged at intersecting points of gate lines 
as many as a plurality of rows and signal lines as many as a plurality of columns wliich are wired in a matrix 
shape; and 

a plurality of driver circuits for applying a signal potential to eacin pixel in said display portion through the signal 
15 lines of said plurality of columns, 

characterized in that when said plurality of driver circuits are an^nged In order while the numbers of output ter- 
minals of said driver circuits are set to a same number so as to have a correspondence relation with each of 
the signal lines of said plurality of columns, if a fraction occurs in the signal lines of said plurality of columns, 
the numljer of output terminals of one of said plurality of driver circuits is set to said fraction. 

20 

2. A display according to claim 1 , characterized in that said plurality of driver circuits are driver ICs arranged in an out- 
side of a transparent insulating substrate on which said display portion is formed, 

3. A liquid crystal display comprising: 

25 

a display portion in vyrhich a plurality of pixels are two-dimensionally arranged at intersecting points of gate lines 
as many as a plurality of rxaws and signal lines as many as a plurality of columns which are wired in a matrix 

shape; and 

a plurality of driver circuits for applying a signal potential to each pixel in said display portion through the signal 
30 lines of said plurality of columns, 

characterized in that the number of output terminals of each of said plurality of driver circuits is set to a meas- 
ure of the total number of signal lines of said plurality of columns. 

4. A display according to claim 3, characterized in that the number of output terminals of each of said plurality of driver 
35 circuits is set to a same number. 

5. A display according to claim 3, characterized in that the number of output terminals of each of said plurality of driver 
circuits is set to a power of 2. 

40 6. A display according to claim 3, characterized in that said plurality of driver circuits are driver ICs anranged in an out- 
side of a transparent insulating substrate on which said display portion is formed. 

7. A display according to claim 3. characterized by comprising: 

45 a memory circuit for temporarily storing data to be written into said plurality of driver circuits; and 

a control circuit for controlling said plurality of driver circuits so as to simultaneously write different data from 
said memory circuit. 

8. A display according to claim 4, characterized in that when a size of a frame portion adjacent to said display portion 
50 Is specified, the number (n) of output terminals of each of said plurality of driver circuits is determined on the basis 

of said specified frame size by the number of lines which can be wired into a wiring region of said frame portion. 

9. A display according to claim 8, characterized in that when it is assumed that the total number of signal lines of said 
plurality of columns which is decided by a display system is set to N, the number of said driver circuits is set to N/n. 

55 

1 0. A display according to claim 3, characterized by comprising: 

time-divisional switches for time-divisionally sending a signal potential which is outputted from each of said plu- 
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rality of driver circuits to tlie signal lines of said plurality of columns, 

A display according to claim 1 0, characterized in that a leading waveform and a trailing waveform of a signal output 
waveform of eacii of said plurality of driver circuits are symmetrical with respect to a time base. 

A display according to claim 10, characterized in that a time-dividing number of said time-divisional switches is 
equal to 3. 

A display according to claim 12, characterized in that a period of time which Is selected by said time-divisional 
switches Is equal to or shorter than 1/3 of a horizontal scanning period. 

A display according to claim 13, characterized in that a leading time and a trailing time of each of said plurality of 
driver circuits are equal to or shorter than the period of time which is selected by said time-divisional switches. 

A display according to claim 13, characterized in that a blanking period which is caused for the period 
of time selected by said time-divisional switches is equal to or shorter than (a horizontal scanning 
period - the period of time selected by the time-divisional switches x 3)/3 . 

A display according to claim 1 5, characterized in that said plurality of driver circuits have a function to stop the oper- 
ation of their output circuit for said blanking period. 

A display according to claim 12, characterized in that said plurality of driver circuits generate a signal potential so 
as to correct curves of voltage-transmittance characteristics of R (red), G (green), and G (blue). 

A display according to claim 12, characterized in that in a 1H (H denotes a horizontal scanning period) Inversion 
driving or a 1 H common Inversion driving, the signal line which Is selected first by said time-dlvlslonal switches is a 
line of blue, the signal line which is selected at the second time is a line of green, and the signal line which is 

selected at the third time is a line of red. 

A display according to claim 10, characterized in that in a dot inversion driving, the signal line which is selected first 
by said time-divisional switches is a line of red. the signal line which is selected at the second time is a line of green, 
and the signal line which is selected at the third time is a line of blue. 

Amended claims under Art. 19.1 PCT 

35 

1 . (amended)A liquid crystal display comprising: 

a display portion in which a plurality of pixels are two-dlmensionally arranged at intersecting points of gate lines 
as many as a plurality of rows and signal lines as many as a plurality of columns which are wired in a matrix 

40 shape; and 

a plurality of driver circuits for applying a signal potential to each pixel in said display portion through the signal 
lines of said plurality of columns, 

characterized in that when the numbers of output terminals of said plurality of driver circuits and each of the 
signal lines of said plurality of columns are arranged in order so as to have a correspondence relation, if a frac- 
45 tion occurs in the signal lines of said plurality of columns, the number of output terminals of one of said plurality 

of driver circuits is set to said fraction. 

2. A display according to claim 1, characterized in that said plurality of driver circuits are driver ICs arranged in an 
outside of a transparent insulating substrate on which said display portion is formed. 

50 3. A liquid crystal display comprising: 

a display portion in which a plurality of pixels are two-dime nsionally anranged at intersecting points of gate lines 
as many as a plurality of rows and signal lines as many as a plurality of columns which are wired in a matrix 
shape; and 

55 a plurality of driver circuits for applying a signal potential to each pixel in said display portion through the signal 

lines of said plurality of columns, 

characterized in that the number of output terminals of each of said plurality of driver circuits Is set to a meas- 
ure of the total number of signal lines of said plurality of columns. 
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4. A display according to claim 3, characterized in tinat the number of output terminals of each of said plurality of 
driver circuits is set to a same number. 

5. A display according to claim 3, characterized in that the number of output terminals of each of said plurality of 
driver circuits is set to a power of 2. 

5 6. A display according to claim 3, characterized in that said plurality of driver circuits are driver ICs arranged in an 

outside of a transparent Insulating substrate on which said display portion is formed. 

7. A display according to claim 3, characterized by comprising: 

a memory circuit for temporarily storing data to be written into said plurality of driver circuits; and 
10 a control circuit for controlling said plurality of driver circuits so as to simultaneously vwite different data from 

said memory circuit. 

8. A display according to claim 4, characterized in that when a size of a frame portion adjacent to said display por- 
tion Is specified, the number (n) of output terminals of each of said plurality of driver circuits is determined on the 

15 basis of said specified frame size by the number of lines which can be wired into a wiring region of said frame por- 
tion. 

9. A display according to claim 8, characterized in that when It is assumed that the total number of signal lines of 
said plurality of columns which is decided by a display system is set to N, the number of said driver circuits is set 
to N/n. 

20 1 0. A display according to daim 3, characterized by comprising: 

time-divisional switches for time-divisionally sending a signal potential which is outputted from each of said plu- 
rality of driver circuits to the signal lines of said plurality of columns. 

25 11 . A display according to claim 1 0, characterized in that a leading waveform and a trailing wavefomi of a signal 

output waveform of each of said plurality of driver circuits are symmetrical with respect to a time base. 

1 2. A display according to claim 1 0. characterized in that a time-dividing number of said time-divisional switches Is 
equal to 3. 

13. A display according to daim 12. characterized in that a period of time which Is selected by said time-divisional 
30 switches is equal to or shorter than 1/3 of a horizontal scanning period. 

14. A display according to claim 1 3, characterized in that a leading time and a trailing time of each of said plurality 
of driver circuits are equal to or shorter than the period of time which is selected by said time-divisional switches. 

15. A display according to claim 13, characterized in that a bianl<ing period which is caused for 
the period of time selected by said time-divisional switches is equal to or shorter than 

35 (a horizontal scanning period - the period of time selected by the time-divisional switches x 3)/3 . 

1 6. A display according to claim 1 5, characterized in that said plurality of driver circuits have a function to stop the 
operation of their output circuit for said blanking period. 

1 7. (amended )A display according to claim 1 2, characterized in that said plurality of driver circuits generate a signal 
potential so as to conrect shift amounts of curves of voltage-transmlttance characteristics of R (red), G (green), and 

40 B (blue) by diving to said time-divisional switches. 

18. A display according to claim 12, characterized in that in a 1 H (H denotes a horizontal scanning period) inversion 
driving or a 1 H common inversion driving, the signal line which is selected first by said time-divisional switches is a 
line of blue, the signal line which is selected at the second time is a line of green, and the signal line which is 
selected at the third time is a line of red. 

45 19. A display according to claim 1 0, characterized in that in a dot inversion driving, the signal line which is selected 

first by said time-divisional switches is a line of red, the signal line which is selected at the second time is a line of 
green, and the signal line which is selected at the third time is a line of blue. 

20. (added)A display according to claim 12, characterized in that time-division of said time-divisional switches dis- 
tribute signals to R(red). G(green), and B(blue) constituting one pixel. 

so 

Statement under Art. 19.1 PCT 

After carefully reviewing claim 1 , it turned out to be vague. As a result, claim 1 seems to have a relation "X" with JP, 
4-12318, A (Sanyo Electric Co. Ltd.). However, since the technical feature of the invention is different from that of X, the 
55 applicant has made it clear. 

The applicant has made an amendment to restrict claim 17 to distinguish it from JP. 9-319334. A (International 
Business Machines Corporation). 

Claim 20 is one having further restriction to claim 12. 
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